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Under NASA Research Grant No. 

nethods of structural synt'~sis has 

NsG-110-61 Rsearch t o  establish * 

k e n  underway since kcember 1, 

1960 a t  Case Institute of Tdmlogy.  

turd Synthesis Research Program is to briiig: m ever more mzanin@l 

class of design problems w i t k i n  the grczsp of rational and ditected 

optimization in terms of re3listic c r i t a i a .  A governing teC!molQgy 

which can be used to prddict the bzinvior of a proposed design is a 

prerequisite t o  undertaking the wtonrzted o p t i m  design taskr The 

rmgc of technologies on which s y n t l ~ s i s  capabilities arc being built 

ir-s braadened consida?'bly since t l ~ c  inception of this rcseirch pro- 

grcm in 1960. 

limited t o  structural system whzrc linear structural analysis and 

e las t ic  s tabi l i ty  ,?nalysis constituted 3n dequate technology. 

rccently the synthesis concept lns been applied to  systems with 

governing tcchmlogics such as dyimnics , aeroelasticity, t h e m -  

elasticity, nonlinear structurd analysis, and structural relizbil i ty 

.analysis. 

t k  brozder frmwrk of cngintsring design. 

of decisions which & 

distinguish betwen 

Ti= objective of tk S t m -  

A t  thc outset tksc? synthesis invsstigztions were 

!&re 

TIE syntksis activity is viewed as 3 conq?onent within 

Vithin the hierarchy 

the dcsign process it is inportant t o  

(1) the conceptual level of design which is inherently 

creative 

\ (2) the computer aided desiqn level enphying tk m- 

m c h e  interaction approach and characterized by 

qual it at  ive j udqemnt s tascad on externilly displayed 

qamt it 3t ivt? inf omi t  ion 
\ 

1 (3) thc: automated o p t h  desi.gn level employing the 

enyineering synthesis q p r o x h  nnd characterized 

I ~ g i c a l  decisions b?-s-,? 3n internilly stwed qumti- 

tative inform~tion. 

\, 
' 
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The structur,al synthesis =sezrch prcqr-m sxks t o  adv,mce the  level 

in the hierarchy of desinli &cisions whcrs s t r i c t ly  lopica1 decision 

m k b g  processes m y  be fruitfully anpbyed, 

The . pa l  of adrmcinu synthesis capibilities SI)  th3t the 

concept can be used to achieve superior &si- f m  actulrl systems 

2s s x n  ns possible is k i n o  pursued b~ i? bmad ntt3ck involviny 

projects in four main catemrizs: 

(A) The study of additi-ml demntary  system. 

(B) % study 7f the interrzhtiori k t w e a  desiqn philosophies, 

synthesis and amlysis. 

(C) The develqmmt Qf aperatimA synthesis capb i l i t i e s  for 

certain SnerdF problem classes. 

(D) lhs evlorat ian vlcl evaluation of synthesis tschiques. 

(MI 

the optinum design gf a double tlrcdqe sirf9il where the qoveminy 

techncdow is 2erxlast ic i ty  h:s k e n  successfully conpleted. 

criterim Eunctim mpl\3ye.? in this study is the t c t a l  mercy 

required t? drive the a i r f d  thrmqh a sequence of fl iqht conditims, 

Tbe synthesis pmblem is t o  minimize this  to ta l  e r q y  h c t i m  

subject t o  l imitatims -7n thz win? t i p  ckflectisn, root stress, 

anqle of attack, and wiFrht as wll  as 3 constraint prevmtinp 

flutter.  

the influence cf holl.~iJing Jut the winp as wll as adding the win9 

wcizht t s  the lift q u i r e d  in  each load cmiitim, 

stu.?y is p l m d  in  which thc enerv  penalty is cbtermine.3 as the 

permissable win? wi$t is systemtically l o ~ ~ r e d .  An EDC 

An explmatxy applicatim of the synthesis concept t o  

The 

Tk3 results obtaiqed ta  &te are beinp revisel t3  include 

A trade off 

report an this wqrk is in pnq2aratitm. 



(i'.2 f An explaratxy ipp i iwt im J f  tiis synthcsis ccncept t? the 

R;nirrann WeiRht ksi:m c; 3 thni l q e r  k?.t S i i ~ l J  h?s keil c zipletell. 

Tfie design variables in this pr~-~blzrn ctrc ti= thiclaiess .an2 density 

of each layer 3f tk shielT1, 

the tenperatme rcspnses tl2 t he  nr ixs  heat flux ltx~? con3itims 

and the stress nspmse t,? the inxrm-)st lzyiir. 

ancalysis on which the synthesis is based i x l d e s  tznperatun 2 e p n h n t  

material pmpertis mJ reix5ati-m frm the txp 752 1 surface. 

F.,: --cs h v e  k x n  W n i n e  !. 3nrl it is intercstinc t -  mt(: ths t  l ist ixt  

-3ptim.m & s i y  r>f; dsscntially the s m  w i p h t  have been obtained. 

?'his sugysts tk possibility of a psedo-&sio;n variable swh as i n s  

previous encounters0 in Ref. 1. 

Tfie jcim-vi.:r vzrkbles arc t d e n  t o  bc 

111~ t h e m x l i s t i c  

Synthcsis 

(W 
previwsly reported i&f. 3 hs been un.lert?&en. 

include nmlinear but cnnslrvativz behavior 3f the spring 3nE tim 

,&pnJent danpin?. 

autmatically .'ctermininq the best f3rm 3f the f v c e  . k f x m t i - n  

relatim f v  the s p r i n n  in cmjunctim with a fseJ fcmanl danpino 

strate.r?y. 

placerrrjnt limits and minimizntim i>f the displacement subject t 3  

acceleratim limits w i l l  bth be considered. 

that side cnnstraints m the danpinq c17efficient 'ull its time ra te  of 

c h n 9  w i l l  inclu!ed. This sCd.-y is .lime-I ct t  cxplm5.m the 

importnnce of considerin- s tz t ic  an? dynamic desi? variables 

simultane3usly. 

An cxtensisn Jf the shack isd?tQr synthesis capr.bility 

Ihe extensign w i l l  

Tho yqal of this stu3y is t l :  !e\rise a ~ R I I S  f o r  

Minimizati-n 1-f the maximum accelentiw subjcct t o  dis- 

It is alsq envisioned 



. 

-4- 

(El 1 
StuJieC? in greater tlepth. 

results abtaine? with this apprcxh were vqorte:? 2t the LUPA 5th 

Annual Structurzs ml %aterials Ginfcrr;:icz (Pef. 3). %se pre- 

liminary results were enccuraninp ani e f f r t  is currently being 

directed t3war-l 3evelDpinq 3 mi.lim weipht synthesis a p z h i l i t y  

bse:! on the intec;ryte-?! 3pprr)zch f w  B penen-lize;! space truss. 

The inteqr3te.l a z l y s i s - s p t h e s i s  concept is be in^ 

The basic i5iss md smi? p ~ l i m i n a r y  

3ai.p va-hbles  w i l l  be t k  (kqeter m d  wall thickness J f  the 

ulr;d.ar crass section fm each m&r in the system. 

to  the wal stress cmd displacemnt limits on the behvior prmi-  

sion -\:ill be ink ts inclwle constraints a5ainst tanpent mclulus 

buckling and local cripplinq. &metric nnnlinearities are ngt 

inclukd in the  analysis hit con.servative mterial nonlinearity 

is included on an optimnl basis. 

stuzy is  t o  evaluate the 2Jtential .>f the intec.rate?J q q r x c h  3s 

a means of synthesis fa- l a rm stxuctursl systems. 

extend the inteurated analysis synthesis t c 7  dynamics problems of 

the s h x k  and vibrat im iss12ttx type b s  encounterel difficulties. 

hb3ificztims 3r a&qtntims 1.qhich m y  werc3m the present Jiffi- 

culties w i l l  be smsht . 

In ad l i t im  

T ~ E  ceiitrsl purpose of th i s  

An attenpt t 3  

(B2) 

stmctural  synthesis within the framework of 8 =liabi l i ty  base3 

3esign philosDphy. E f f v t  Ins been .lirecte,? t?wards findinq the 

over-311 structural re l iabi l i ty  of an inseteminate structure in 

which it is necessary t c  cmsider both independent and dependent 

failure nudes. 

failure mcles are independent and arz thus l e3  t-, excessive &sip 

A study is b e i n n  made with the aim of cm3uctiny 

Other stdies t o  date have -nssumed that a l l  



WiTht. 

p rcbd i l i t y  af .!ifferent x&*rs f2ifixm m3er the s a  erivirm- 

rental IoaJinq md the conilitimal prc'!zLility ;?f a sinqle 

mmber under different snvircmnxtal lrja !inrs ~ 1 s t  k c~xqute3. 

The probability ,,f fzilurz o f  a struct'ini c m n w n t  has receive3 

exhastivc- attcntinn in thz liter2ture Lut the pr-blam 3€ aver-all 

s t ruc turd  relidi . l i ty is ri new un,?t.rt&in~. 

ir:'icatc tht a linear pertur!v-tisn mtlio3 c.m 're use2 t o  rapidly 

cxyut; the c m l i t i m z l  pr:k?iliti3s. 

Le a&quatC fqr en@neerinq usaF an;l cznsistent with the p r ~ i s i m  

c7f .?;-zilahle i q u t  5 t a .  

existing program &ich ut i l izes  t h e  Write Carl? 3kthd f m  conputkc: 

the mliabi l i ty .  

izt-hxl into existinu sjqth,sis cqak i l i t i e s  w i l l  Le stu3ied &mine 

the next report peri3.l. 

In fh2i.q the over-211 rc.liatility, the c a n l i t i m d  

Results thus fa r  

The accurxy d t a i n e l  shoul,! 

These results w i l l  !Le checkel ty an 

Thee i x 2 r p r z t i m  of tk l inear per tur ta t im 

(a1 
f x  a class D f  ?late and shell  w e  structures has heen coqlzte:! 

a d  tested. 

on tb fsllowinpl structural systms: 

A f i r s t  attenpt at  *!evel~?in~ 2 synthesis cq3?:ility 

The andvs is  cmponmt of t h i s  cq2Cil i ty  w . s  teste3 

1. F l s t  cmti lever  mmbrane sutject t.2 an inplane Jistri- 

b u t d  l n d .  

2. Square cantilever ph te  sukject t 1 1, sin;rle ccncentrated 

l~ml  (linczr m d  n7nl':ic-m- s - d u t i w s )  

3. I s o t r q i c  cylirder suLject t3 a ?inc-him load. 

4. Square fixed e d e  is3tropic plate sutject t 2  a high 

intensity distrihte. .? iizvssure. ( l inmr and nmlinear 

s3lutirms) 
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5. Drth3tropic c3ne sutlject t o  interns1 axisymmtric an.1 

nmaxisymnretric l~zk. 

In a l l  of tk almve t es t  cases, t l ~  Yesults c3Welated sufficiently 

well t 2  conclude th.t the analysis pryrun wzs functioning properly. 

Several ana lp i s  shortcomihgs wexe mewered ly these cases. Never- 

tkless, the mlysis c T p 2 1 . i l i t y  was thmzht to be S t i f f h n t l y  

accurate, versatile and rcpxsent.Ttivz c-f the s ta ts  af  the a r t  t o  

warrznt the developmnt gf m 2ssjociPted synthesis pmmm, The 

synthesis p r o m  was *s ip$  t o  achieve 3 mcimrm savinps i n  

weizht during the early stwes Jf  reJes iT  ; y  avoidinn constraint 

surfaces. This early s t z ? ~  efficiency was smc.ht l-ccause 5f the 

13rqe mats Df cOnputer tim cwunred during ,“i sinTle analysis 

cycle. 

the efficiency b p s  qff kcause the m t h A  of qxratim -qprcaches 

the mre cLmventimal mthxls 7f steepest descent. 

As the current 3csicp wolves tmard the qtinum  si^, 

The follminr?. is 2 list l D f  the test cases use3 t o  test the 

synthesis cap&ility : 

1. A f x r  kay f l a t  cmtilever su!ject te a l k e  lsad (4 

&sip pwmters) 

2. 

3. 

\!.rffle ?late su5ject tc. a membrane load (3 desim p a r m t e r s )  

Smdidch cylinlcr subject t 3  3 nultiplicity gf 3 lax’ 

conditims (3 Jesica p rme te r s f  

Case 1 converqed tn a sylutim which ccin te  ,ckSceA as the q t i m u n  

&sicp, 

in Ref. 4. 

lchizvix variatles =re c7nstraine.l. 

p w - r a m  is c a , ~ d l e  of handlinc qwar,ls .lif (20) &sim parameters 

(the program maximum capd i l i t y  1 ascd cn stom- ca?acity is 80). 

Case 2 cmverve.! tL) 3 s n l u t i x  cmparalle t3 that >resented 

Case 3 cmver-e!. to  a solutim where wer half of the 

I t  is thm7ht t€nt the  synthesis 
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The mmnt cf time consum3 in the re-lesim mrtim d f  the cycle 

is very snnll capam3 t q  the mzlysis cycle. An EDC mprt on 

this w x k  is in  preparatim 

recently repxtecl techniques from t he  mathemtical 2 r ~ m i n ~  

?rea is under w-y. A sttr'3y if th;,. mcmlsr sizin? -?ru?lem fvr 3 

qencrd qxnce truss w i t h u t  F u c k l i n ?  cmstraints has 1 cen male. 

I t  was pss iTlc  t o  d e m ~ - . s e  this wollsrn i n  such a m y  as tc- 

nuke use qf the conceits Tf l inem ;>r wmnrnin~ t 3  pnve  that the 

miniman rcrciyht d e s i 9  f x  i? sincle 1931 cmditirm case is s ta t ical ly  

determinate even in the case wherc the truss is subject t 7  Jeflec- 

t ion limits. hther fwct of this imrk invalves the expbmt im 

nf a mthd fcr  sdvinc  the synthesis prot:lem which is ?xseil on the 

=Fatef?  q p l i c a t i m  cf linear pmmmin- methxls t 3  linearized 

apprcximti ins of the ac twl  n.mline3r ?rvmmninn pnblem. 

interest in this anroach is 3 result of viewinn the synthesis prcLlem 

in tk internate! spce 2s (distinct fr3m the 4esi-n mria2le space. 

Renewzd 

In a&litim t o  this, corr;i,kratim is leino piven t.- varims ways 

af bwakina 3mn 13rq structural qtnthesis 7r3l.lenrS in several 

interrelate? !-ut smaller ptimizatinn  rolle ens. lhis yxess  

s m l l z r  ones which are cL:ydel tyethcr. Fram the p3int 3f view 

of e f f x t  needed t .; 8 s q1ut i m th of s3lvinq 



L 

*r - - + * @  

-8- 

1. %hit ,  L.A. a? Mllett. R.H., *fStructurnl Syntbsis  
and the ki,q Pm-amter Hizrsrchy", J. Struct. 
Ob,, Proc, Am, SOC. Civil En-., 89, No. St4, 
3. 269-299, (Rucmt 1963). 

2. Schnit, L.A, ml Rx,  R.L., "Synthesis of a Sinple 
S . ~ c k  Isolatrsr", EDC R q o r t  No. 2-63-4, Case 
Institute of Technolo.y, ( M y  1963). 

3. Schmit, L A  and Fcx, R.L., fnte%mtecl Appraach 
to Structural Synthesis md halysisf', AIAA 5th 
Amml Structures .ml bbterials Conference, Palm 
Sprin_q, Chlifomia, P. 294-315 (April 1964). 

4. Schmit, L A  and Kicher, T.P., "StructurC?l Synthesis 
of w t r i c  Waffle Platesft, NAS4 TN D-1691, 
@c?.dxr 1962) . 


